Introduction
After their formation during spermatogenesis, spermatozoa undergo a period of maturation in the epididymis before they become fertile. Certain ultrastructural, biochemical and biophysical changes then take place, which can be correlated with the progress of the spermatozoa towards the distal region of the epididymis (for reviews, see Bedford, 1974; Bedford & Cooper, 1978) . In normal circumstances the morphological changes primarily involve modifications of the sperm head (Bedford, 1965; Jones, 1971) , and the migration and eventual loss of the cytoplasmic droplet (Hancock, 1957) . This paper presents findings on the morphology of spermatozoa from different levels of the epididymis in a boar known to ejaculate a high proportion of spermatozoa with morphologically abnormal tails.
Materials and Methods
The Welsh boar was culled from a commercial insemination unit because of the persistently high frequency of abnormal spermatozoa in its ejaculates. Counts made at the unit over a 2-month period showed that 40-80% of the ejaculated spermatozoa possessed tightly coiled tails. The motility of these sperm samples had been variously recorded as 'poor', 'fair' or 'good'.
The animal was moved to the Royal Veterinary College, London, for further observation; there, an ejaculated semen sample of normal volume (192 ml) was obtained, which contained 1-52 x 109 spermatozoa/ml in the sperm-rich fraction, and a low frequency of dead sperm¬ atozoa (ä3%). The sperm density was determined using a haemocytometer, and the proportion of dead spermatozoa was estimated from eosin-nigrosin smears.
The boar was castrated surgically under halothane anaesthesia, and samples of epididymal tissue from 8 sites along the left epididymis (defined in Table 1 ) were fixed by immersion in a solution containing picric acid, formaldehyde and glutaraldehyde (PFG: Jones, 1973 Counts made from ejaculated spermatozoa were essentially similar to those of the cauda epididymidis, except that a low frequency (ä8%) of extended spermatozoa lacking cytoplasmic droplets was detected. These were not encountered in the samples of epididymal spermatozoa.
Electron microscopy
Luminal spermatozoa at site 1 had proximal cytoplasmic droplets situated symmetrically about the middle-piece and contained amorphous cytoplasm (PI. 1, Fig. 4) Fig. 6 ). In transverse sections (PI. 2, Fig. 6 ), it was evident that the middle-piece was, in general, situated to one side of the cytoplasmic droplet, the membranous structures having accumulated towards the other side, whilst a region of empty cytoplasm filled the intervening space. Longitudinal sections of the middle-piece confirmed this local distribution of organelles within the cytoplasmic droplets (PI. 1, Fig. 5 ), and the distal region of the middle-piece appeared to be curved within the confines of the cytoplasmic droplet. The cytoplasmic droplet was never observed posterior to the annulus; this structure also defined the posterior limit of tail curvature (PI. 1, Fig. 5 ). The mitochondria of spermatozoa from site 4 were mainly of regular size and normal appearance, but in some regions of the middle-piece small or damaged mitochondria were observed (PI. 1, Fig. 5 Fig. 8 ). The axial filament complex was frequently disorganized (PI. 2, Fig.  7 , AF) particularly in the region of the middle-piece.
Discussion
Abnormalities of boar and bull ejaculated spermatozoa involving tail-coiling, breakage and disruption of the axial filament complex, or disorganization of the mitochondria, have been noted by a number of authors (for example, Blom, 1966; Van Duijn & Geuze, 1972; Kojima, 1978) and the onset of some of these defects has been associated with sperm maturation in the epididymis of the bull (Blom & Birch-Andersen, 1966; Koefoed-Johnsen & Pedersen, 1971; Wenkoff, 1978) and the boar (Settergren & Nicander, 1972 Only one previous case (Hancock, 1955) has been documented in which the migration of the cytoplasmic droplet was identified as a correlative factor in the pathogenesis of a sperm defect; in that bull the result was physical separation of the sperm heads and tails.
The ultrastructural features of the present sperm tail abnormality are different from those previously reported. For example, whereas tail-coiling in this boar began in the distal region of the middle-piece, Koefoed-Johnsen & Pedersen (1971) showed that in the "Dag defect", a similar phenomenon found in bulls (Blom, 1966) , the middle-piece was only occasionally involved. Loss or displacement of axonemal doublets in the junction between the middle-piece and main-piece was also noted in the same study (Koefoed-Johnsen & Pedersen, 1971 ), but in the present study disruption of the axonemal complex was apparent only in tail sections which were involved in tight coils, and may therefore represent secondary damage (see Jones, 1975 , for review). The complement of hydrolytic enzymes found in the cytoplasmic droplet (Dott & Dingle, 1968; Garbers, Wakabayashi & Reed, 1970) 
